Background: Sea urchins contain high values of antioxidant substances such as polyphenols.
Background
Sea urchins belong to the group of echinoderm marine invertebrates pertaining to sea star, brittle sea star and sea cucumbers. They have orbicular bodies coated with a strict shell and thoroughly covered with many sharp spines (1) . The edible part of the sea urchin, i.e. gonad, is half-moon shaped, yellow-orange in color and constitutes 10% of the total weight (2) . Gonad has the highest levels of free amino acids, i.e. up to 10/100 g of proteins (3) . The taste of sea urchin roe is similar to that of caviar and oysters. Furthermore, it can be consumed either as raw or fermented products; that is why sea urchins are usually consumed by Japanese, French and also South and North Americans (1) . The mentioned species is a severe grazer on seaweeds, especially on brown algae such as Laminaria species and is thus expected to accumulate a number of antioxidant compounds such as carotenoids and polyphenols (4) .
These natural antioxidants capable of scavenging the free radicals play a significant role in prevention of vascular diseases and some types of cancer (5) . Free radicals, which have one or more unpaired electrons in their outer orbital, consist of superoxide anion (O 2 • -), alkoxy (RO•), peroxyl (ROO•), hydroxyl (HO•) and nitric oxide. Oxygencentred free radicals are, sometimes known as reactive oxygen species (ROS) (6) , which attack macromolecules such as lipids, proteins, enzymes, DNA and RNA (7) . Scavenging of ROS leads to a reduction of oxidative stress of organisms and prevents a number of chronic and degenerative diseases such as aging, stroke, diabetes mellitus, canin the Paleolithic age humans consumed a lot of antioxidants derived from the plants (10) . Over the past decades, human nutrition in industrial countries had changed towards fast-food nutrition, which is rich in lipids and poor in antioxidant compounds. Increasing of pro-oxidant compounds appears to lead to increased risk of physiological disturbances. According to the nutritionists and physicians' health recommendations, people must increase their intakes of fruits and vegetables to provide their daily dietary nutritional antioxidants. In this regard, seafood can be considered as part of a healthy diet. Seafood species such as mussels, scallops, crabs and sea urchins are seldom considered as sources of antioxidants (4) . A key difference between dietary supply and physiological needs may be in the provided antioxidant nutrients. Hence, consumption of antioxidants is essential as humans are exposed to a diverse array of oxidants (10).
Objectives
In the present study, the antioxidant activities, α-amylase inhibition, anti-inflammatory property and total phenols and flavonoids of purple sea urchin Echinometra mathaei tissues were evaluated.
Methods

Materials
Butylated hydroxyltoluene (BHT), α-amylase and bovine serum albumin (BSA) were purchased from SigmaAldrich. All the other reagents were obtained from Merck Chemical Co. and all the chemicals used in the experiments were of analytical grade.
Collection of Sea Urchin and Preparation of Extracts
In December 2012, the purple sea urchin E. mathaei was harvested in the intertidal zone of Qeshm Island, Hormozgan province, Iran. Samples were collected and immediately transported to the laboratory and gently rinsed with filtered seawater. After dissection phase, the spines, shells, gonads and Aristotle's lantern (mouth parts) were collected, freeze-dried in dark and then ground into a powder.
Based on the increasing polarity, dried tissues of E.
mathaei were immersed in n-hexane, ethyl acetate and methanol (1:3 w/v), respectively. Extracts were obtained by cold percolation and concentrated by a rotary evaporator at 40°C. The concentrated extracts were dissolved in DMSO 99% and stored at (-30°C) in the dark.
Determination of Antioxidant Activities
Determination of Reducing Power
The reducing power was determined according to the procedure described by Oyaizu. The sample solution (0.4 mL), at different concentration levels (1.25, 2.5, 5, 10, 20 and 40 µg/mL), was mixed in one mL phosphate buffer (0.2 M, pH 6.6) and one mL potassium ferricyanide (1% w/v). The mixture was incubated at 50°C for 20 minutes. One mL trichloroacetic acid (TCA, 10% w/v) was added and mixed with 1 mL distilled water and 0.2 mL ferric chloride (0.1% w/v). Absorbance of this mixture was recorded by a spectrophotometer at a wavelength of 700 nm. The analyses were performed in triplicate and ascorbic acid was used as a standard (11).
Determination of Total Antioxidant Capacity (TAC)
Total antioxidant activities of the extracts were measured according to the method of Mitsuda et al. Sulfuric acid 0.6 M (7.45 mL), sodium sulphate (0.99 g) and ammonium molybdate (1.23 g) were mixed together in 250 mL distilled water and labelled as a total antioxidant capacity (TAC) solution. One-tenth mL of the extracts (50, 100, 250, 500 and 1000 µg/mL) was dissolved in 1 mL of TAC solution.
After 15 minutes of incubation the absorbance was read at 695 nm. Ascorbic acid was used as a positive control (12).
Determination of Total Phenolic Content
The amounts of the phenolic compounds in the prepared extracts were determined according to the method described by Fu et al. The sample (0.15 mL, 10 mg/mL) was mixed with 0.75 mL Folin-Ciocalteu (diluted 1:10 with distilled water). After 3 minutes, 0.6 mL of saturated sodium carbonate (7.5% w/v) was added to the mixture. After mixing, the mixture was kept in the dark for 60 minutes, after which the absorbance was read at 765 nm (8) . Different concentrations (0.0003 -0.0024 mg/mL) of gallic acid were used as the standard curve. Total content of phenolic compounds in the extracts was calculated by the following formula:
Where C is the total content of phenolic compounds (mg/g), c is the concentration of gallic acid specified by the standard curve (mg/mL), v is the volume of the extract (mL), and m is the weight of pure tissue (g).
Determination of Total Flavonoid Content
Total flavonoids were determined according to the method of Zou et al. A diluted sample (0.5 mL, 1 mg/mL) was mixed with 2 mL of distilled water. After 3 minutes, 0.15 mL of 5% NaNO 2 solution and 0.15 mL of 10% AlCl 3 solution were added and allowed to stand for 6 minutes. Then, 2 mL of 4% NaOH solution was added to the mixture. Immediately, 0.2 mL of water was added until the final volume became 5 mL. Next, the mixture was allowed to stand for another 15 minutes, after which the absorbance was read at 510 nm (6) . Different concentrations (12/5, 25, 50, and 100 µg/mL) of BHT were used to draw the standard curve.
Determination of α-Amylase Inhibition
The inhibition of α-amylase was carried out with some modifications of Ademiluyi et al.'s method. In this colorimetric method, starch and 3, 5-dinitrosalicylic acid (DNSA) were used as the substrate and reagent, respectively. The standard curve of maltose, as a product, enables researchers to calculate the amounts of maltose released during α-amylase activity. The enzyme solution (4 unit/mL) was prepared by mixing 0.001 g of porcine pancreatic α-amylase (EC 3.2.1.1) in sodium phosphate buffer (pH = 6.9, 20 mM), which had 6.7 mM sodium chloride. The extracts were dissolved in DMSO and the extracted starch solution was mixed. The reagent (DNSA) solution possessed 96 mM 3, 5-dinitrosalicylic acid (20 mL) and 5.31 M potassium tartrate sodium in 2 M sodium hydroxide (8 mL) and deionized water (12 mL). 0.56 mL of the extracted-starch solution and 0.04 mL enzyme were mixed in a tube and incubated at 37°C for 15 minutes. Next, 0.6 mL of the color reagent (DNSA) was added, and the test tube was placed in the water bath (85°C) for 15 minutes, after which the absorbance of the samples was determined at 540 nm (13) . Additional blanks were prepared to correct the background absorbance. The control demonstrated 100% enzyme activity and substituted extracts with DMSO. One unit of the enzyme activity was defined as the amount of required enzyme to release one micromole of maltose from starch per minute. Acarbose was used as a positive control. All tests were performed in triplicate. The inhibition percentage of α-amylase was assessed by the following formula:
Determination of Anti-Inflammatory Effect by Inhibition of Protein Denaturation
The test was performed by modifying the method described by Mizushima et al. The reaction mixture contained 0.05 mL of different extracts at various concentrations (1.25, 2.5, 5, 10 and 20 µg/mL) and 0.45 mL of the bovine serum albumin (BSA, 0.1%, pH = 6.3). The mixture was incubated at 37°C for 20 minutes and then incubated at 57°C for 20 minutes. After cooling the mixture, the turbidity was measured by spectrophotometer at 660 nm (14) .
The percentage inhibition of protein denaturation was calculated as follows:
Where A is the absorbance of the control, and As is the absorbance of reaction solution. Aspirin was used as a positive control.
Statistical Analysis
The data was expressed as the mean ± SD of three replicates. Analysis was performed using SPSS 19 and Excel 2010. One-way analysis of variance (ANOVA) and Duncan's new multiple-rang test were used to determine the possible differences amongst the means. P values ≤ 0.05 were considered as significant differences.
Results
Reducing power of different extracts of sea urchin is presented in Figure 1A N-hexane extract of gonad, methanol extract of shell and ethyl acetate extracts of spine and Aristotle's lantern revealed the highest reducing power ( Figure 1A ). Significant differences were observed at P < 0.05.
In comparison with ascorbic acid as a standard, the mentioned extracts could reduce high concentrations of ferric ions. It was observed that methanol extract of the shell at 40 µg/mL possessed the maximum reducing power, which was more than that of ascorbic acid as a standard. Ascorbic acid had the minimum reducing power at 2.5 and 1.25 µg/mL. Significant differences were observed at P < 0.05.
Total antioxidant capacities of different extracts of sea urchin are provided in Figure 1B . Generally, identical to ascorbic acid as a standard, the presented extracts had high total antioxidant capacities. N-hexane extracts of gonad and spine, methanol extract of shell and ethyl acetate extract of Aristotle's lantern revealed the highest total antioxidant capacities ( Figure 1B ). Significant differences were observed at P < 0.05.
Ethyl acetate extract of Aristotle's lantern at 1 mg/mL had more total antioxidant capacity than ascorbic acid as a standard ( Figure 1B) . Ethyl acetate extract of Aristotle's lantern showed the lowest total antioxidant capacity. Significant differences were observed at P < 0.05. It can be stated that total antioxidant capacity depends on the concentrations of sea urchin extracts.
Total phenolic contents of sea urchin were determined using the Folin-Ciocalteu reagent, which relying on the transfer of electrons from phenolic compounds to the Folin-Ciocalteu reagent in the alkaline medium. This technique is an applicable method, which is used widely (8) . Table 1 presents total phenolic contents, which varied from 0.0044 ± 0.0003 mg/g (methanol extract of gonad) to 0.3256 ± 0.0171 mg/g (methanol extract of spine). As Table  1 presents total flavonoid contents varied from 0.47 ± 0.27 mg/g (ethyl acetate extract of shell) to 24.62 ± 0.72 mg/g (ethyl acetate extract of Aristotle's lantern).
In this study, porcine pancreatic α-amylase was used to evaluate the anti-diabetic properties of extracts at different concentrations. A-amylase inhibition at different concentrations of sea urchin extracts (1 and 2 mg/mL) was determined. N-hexane extract of the gonad (84.7 ± 2.9), methanol extract of the shell (74.7 ± 0.64) and n-hexane extract of the spine showed the maximum inhibition of α-amylase, respectively (Figure 2 ). Significant differences were observed at P < 0.05.
The results showed that, n-hexane extract of the gonad at 1 mg/mL substrate possessed the highest α-amylase inhibition. At 2 mg/mL concentration of the substrate, ethyl acetate extract of Aristotle's lantern revealed the lowest α-amylase inhibition (Figure 2 ). Significant differences were observed at P < 0.05. Different extracts of sea urchin tissues exhibited significant anti-inflammatory properties at different concentrations. Generally, these extracts had similar antiinflammatory properties like that of aspirin. The lower IC50 indicated the higher anti-inflammatory ability (Table 2). The highest anti-inflammatory properties were detected in the methanol extract of gonad, ethyl acetate extract of shell and Aristotle's lantern as well as n-hexane extracts of spine. Methanol extract of gonad at 1.25 µg/mL concentration showed inflammatory effects identical to that of aspirin (Figure 3 ).
The ethyl acetate extract of Aristotle's lantern at e x a n s h e l l -n -H e x a n S p i n e n -H e x a n A r i s t o t o l L a n t e r n -E t h y l A c e t a t % Inhibition 20 µg/mL concentration possessed the highest antiinflammatory activity similar to that of aspirin as a standard (P < 0.05). Ethyl acetate extract of the shell revealed the lowest anti-inflammatory effect. Anti-inflammatory potential was found to increase by increasing the concentrations of sea urchin extracts, regardless of the nature of preparation.
Discussion
N-hexane extract of gonad, methanol extract of shell and ethyl acetate extracts of spine and Aristotle's lantern had the highest reducing power. In the biochemical analysis, the methanol extract of spine and ethyl acetate extract of Aristotle lantern had the highest phenolic and flavonoid compounds, respectively. The n-hexane extract of gonad at 1 mg/mL showed the highest α-amylase inhibition. The ethyl acetate extract of Aristotle lantern at 20 µg/mL possessed the highest anti-inflammatory property.
In the present study, the antioxidant properties of different extracts of sea urchin were evaluated with consideration of reducing power, total antioxidant capacity and determination of phenolic and flavonoid compounds. The reducing power assay was used to evaluate the reduction of Fe +3 by sea urchin extracts. Due to its easy application, this method is widely used for appraisal of antioxidant capacity (8) . Increasing the absorbance of the reaction mixture indicates an increase of the reducing power. In the reducing power assay, the yellow color of the test solution changes to several shades of green and blue, depending on the reducing power of each extract (5) . The results of the previous studies (5, 8) showed that all the tested extracts could reduce iron (III). Furthermore, they reported that reducing power of the extracts depended on their concentrations. Hence, the reducing power could mainly be imputed to the bioactive compounds associated with antioxidant activity (5). Our previous study on the shell and spine pig- ments of purple sea urchin E. mathaei showed that reducing power of both pigments extractions (shell and spine) increased as the concentrations increased (15) . Results from previous studies have shown that dicholoromethan extract of sea cucumber Holoturia leucospilota increases absorbance with increasing dose dependent manner (16).
Naturally, there are a number of antioxidant compounds that act as radical scavengers and lipid peroxidation inhibitors. Usage of natural antioxidants such ad polyphenols in general and flavonoid in particular can be considered as relevant components to reduce the risk of developing coronary heart diseases, neurological disorders and certain types of cancers (17) . The obtained results showed that total phenols of purple sea urchin E. mathaei tissue extracts are similar to those of gonads (53 mg GAE/100g) and digestive tracts (123 mg GAE/100 g) of green sea urchin centrotus droebachiensis and shells (1.5 mg GAE/g) of red-brown sea urchin Psammechinus miliaris (18) . Phenolic compounds may account for antioxidant properties such as reducing power (5), which are caused by hydroxyl groups of these molecules (19, 20) .
Some antioxidant compounds could inhibit α-amylase. With consideration of the mentioned point, the inhibition of α-amylase was determined by different extracts of sea urchin in the present study. As the review of literature reveals, it is the first time that the inhibition of α-amylase by these extracts has been reported. The results of the present study demonstrate that delayed starch hydrolysis by inhibition of α-amylase leads to the decline of these extracts in the glucose concentration (21) .
The observed mechanism of sea urchin extract exhibited its hypoglycaemic effect, which leads to decrease of postprandial blood glucose level. A-amylase inhibition may depend on the concentrations of extracts and types of bioactive compounds in these extracts (22) .
Moreover, it is reported that diets rich of antioxidant compounds decrease the incidence of oxidant-linked diseases such as diabetes (23) . Various studies have demonstrated that extracts with strong antioxidant activity, which inhibit free radicals such as superoxide and hydroxyl can be effective in inhibition of α-amylase (24) (25) (26) .
Over the recent years, attention has mainly been devoted to specify antioxidant and anti-inflammatory compounds due to their potential usage in treatment of several chronic and infectious diseases. Epidemiologically and tentative studies have implicated oxidative cellular damage arising as a result of an imbalance between free radicals generation and scavenging systems, which can cause cardiovascular diseases, cancer and aging (27) . A number of studies reported the anti-inflammatory potentials of plants and vegetables (14, 27, 28) ; however, as the literature review reveals, it is the first time that the antiinflammatory effect of sea urchin has been reported.
Recent studies have been demonstrated that many flavonoids and polyphenols remarkably contributed to the anti-inflammatory properties of many plants (28) . Hence, the results of this study showed that flavonoids and polyphenols of sea urchin may possess anti-inflammatory activities.
In this study, the additive effects of antioxidant properties of gonad methanol extract, ethyl acetate extracts of shell and Aristotle's lantern and n-hexane extract of spine were observed.
The mentioned results are indicative of new sources 6 Jundishapur J Nat Pharm Prod. In press(In press):e36547.
of antioxidants, anti-diabetic and anti-inflammatory compounds obtained from the marine. In conclusion, the present study demonstrates that tissue extracts of sea urchin possess different bioactive compounds. From the researchers' perspective, sea urchin extract can be used as a supplement in food and pharmaceutical industries.
